ABSTRACT
to improve its tow-line material handling system at its main distribution center located in Westminster, Maryland.
A Each day the facility receives from 500 to 1,200 pallet loads of books from binderies and ships from 350,000 to 600,000 books to retail stores and wholesale outlets. These outgoing shipments are also palletized but may consist of a mix of cases and single books that are consolidated into case lots.
The Westminster distribution center has grown in stages and consists of three buildings totaling over 762,000 square feet. The first building was opened in 1966. The second, located adjacent to the first, was constructed in 1972. The third addition was dedicated in 1983 and is connected to the other two warehouses via a 565 foot covered bridge.
THE MATERIAL
HANDLING SYSTEM AT THE RANDOM HOUSE DISTRIBUTION CENTER WAS BEING PUSHED TO ITS LIMITS,...
As the Westminster facility grew, so had the mechanical tow-line system which is the prima~means for transporting pallets of books throughout the three buildings.
The tow-line system uses an in-floor continually moving chain to transport both loaded and empty carts. Although the path of the tow-line system was appropriate when each of these buildings were built, the design of the system no longer supports the current method and volume of operation and Random House's plans for future growth. The existing tow-line system consists of three independent loops which (1) rely heavily on transfer connections between buildings and (2) have a path which weaves extensively within pallet rack aisles. To achieve the project goals and improve the system performance, a major redesign of the tow-line system was studied. The system layout was recont@red to (1) provide a path from any point of origin to any destination that is less dependent upon transfers, (2) eliminate excessive looping of the path within the pallet racking which currently causes congestion in the aisle ways and increases cart transport time, and (3) provide overflow spurs to reduce the number of carts that recirculate in the system. of the redesigned system would be an improvement over the current system, they wanted assurance that the system would achieve the desired goals and that the additional system enhancements would be beneficial. Some key questions to be answered were:
1.
2.
3.
4.
5.
6.
Is the new single loop system capable of transporting up to 2,000 pallet loads per day using a load profile whereby the majority of moves are generated on the first shift? How many carts are required in the system and how should they be managed? -After reviewing the complexity and volume of peak day pallet move data and taking into consideration system variables such as system downtime, spur serviee times, and time to unload carts, a decision was made to develop a simulation model.
A simulation model was the best means of determining the expected performance benefits and would assist in evaluating design parameters.
Model animation was planned to be an important means to evaluate the logical operation of the model during testing and also provide credible evidence to the management of Random House that the model emulated real life system events.
The primary goal of the model was to determine the predictability of the transport time for loaded carts and to recommend the number of carts for each of two operating modes:
1. shutdown tow-line when an overflow fills
recirculate normally if an overtlow fills
Transport time is defined as the elapsed time from the dispatch of a loaded cart at the origin to the arrival of the load at the destination. Wait times at the origin for an empty cart, as well as load and unload times and wait times at the destination for service, were not included in the transport time.
For purposes of the model, the load was considered dispatched when an empty cart was loaded and a destination assigned. Arrival at a destination was defined as arrival of a cart at either the destination spur or the group overflow spur associated with the intended destination.
The secondary goal of the model was to ascertain the impact of each of four parameters on the transport time of loaded carts and on the number of recirculating carts. Hoffner provided the tow-line experience; and Jay Bakst wrote the simulation model using SIMAN for modeling and ARENA for animation. However, rather than each of the participants having an isolated assignment, a team approach was adopted. Each had areas of prime responsibility, but the help of team members was repeatedly accepted and sought out. There are a total of 36 regular spurs in the model. In some cases, a number of these regular spurs, can have the same identity. In actual operation, a cart destined for this multiple spur cor@uration, will enter the first spur that has room. To simplfi the model, these multiple spurs with the same identity were cotilgured as a single spur with a capacity equal to the aggregate number carts in all the spurs. This reduced the complexity of the model with no loss of integrity or preeision.
In addition to the 36 regular spurs, the new system design includes 5 group overtlow spurs. The overflow spurs are associated with a series of spurs in the same general vicinity. The overflow spurs provide a second chance for a cart to arrive near its destination in a timely manner.
This reduces the number of carts that recirculate in the system.
Empty cart pools are associated with sets of spurs in close proximity. The pools contain empty carts which are used to route a load from one of the spurs in the set to a remote destination. If no empty cart exists, the load must wait to be transported. The main path of the tow-line system weaves its way around the buildings. When the tow-line stops, it is necessary to stop all of the carts on the towline in their place and wait until the disturbance is over.
Second, the number of carts in a spur varies over a set range.
When using the animation, the actual number of carts in a spur is less valuable than having an idea of the utilization of the spur.
Third, throughout the day, operators come to a spur to unload the carts and to "service" the zone. While they are in the area, several activities (taking off empty carts, loading the spur, emptying loaded carts) could take place.
The main line of the tow-line system was modeled as a non-accumulating conveyor. Push dog entities were placed on the conveyor and acted as carriers for empty and loaded carts. The spurs where the carts were diverted automatically were a combination of queues which stored the carts, and levels which displayed the current utilization of the spur. A similar construct was used for empty cart pools.
Operator activity was displayed with global variables that changed with each change in the state of service activity.
The levels displaying the queue data and the global variables showing operator status provided a dynamic display which was extremely easy to understand.
At all times while running the animation the relative number of carts in each of the spurs, the empty cart pools, and the overflow spurs was easily viewed. Similarly, an activity file was developed and used as a basis for the workload in each of the runs. Scenarios for average and pe,ak activity were developed. The transport time of the system and the number of cart recirculation were effected by the four major parameters listed earlier, each of which was modeled and specified individually.
Operator activities such as cart marshaling and servicing were developed by looking at dispatching logs and observation times. With these sources the servicing times represented realistic expectations. The results of the simulation showed that: (1) the size of the transfer lines played a distinct role in the model's usefulness and (2) the number of carts on the tow-line had a profound effect on performance.
MENU
The model also showed that the needl to manage empty carts will be a substantial and difflcuJt task. This has given management an important "heads up" in preparation of the new design implementation. With this forewarning, new empty cart strategies can be developed.
